Measurements of elastic displacements of the bedrock surrounding large ice sheets have been proposed as a means to detect mass changes in these ice sheets. However, accumulation of glacial mass on the ice sheets is a noisy process, subject to large spatial and temporal variations in precipita-
Introduction
Over the past 100 years, measurements of global sea level rise have averaged about 1.5 mm/year (Warrick and Oerlemans, 1990 ). Approximately 0.8 mm/yr can be explained by thermal expansion of sea water and melting of small glaciers and ice sheets. The remaining 0.7 mm/yr could be the result of depletion of the ice sheets in Antarctica and Greenland, although glaciological studies do not indicate this (Meier, 1990) . Estimates of the change in glacial mass require knowledge of precipitation onto the ice sheets, and loss to the sea due to melting and calving. The balance between these two processes is difficult to determine, and recent studies rely on only a few measurements (Jacobs, 1992) . As a result, the present mass flux of the large ice sheets is unconstrained. Furthermore, mass changes due to future climate change could be larger than present changes. Meier (1990) It has been proposed (Hager, 1991) that mass changes in the large ice sheets could be detected by measurement of elastic crustal displacements. Indeed, recent studies (James and Ivins, 1995; Wahr et al., 1995) precipitation anomalies between points in an areally averaged region. In general, the correlation of precipitation anomalies decreases with distance (Bromwich, 1988) . The characteristic distance over which a precipitation anomaly is well correlated
is as yet undetermined in Antarctica (Oerlemans, 1981).
The transport processes described above draw moisture from the southern oceans onto the continent of Antarctica. et al. (1995) 
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Here, p is the density of water, A(O,¢) is the area of a region 0.5* by 0.5* at the point (0,0), and P(0,¢) is the average precipitation at this point, as given by Giovinetto and Bentley (1985) . C is a simple ratio representing a fractional change in the long-term average precipitation induced by climate change. S(O, dp) represents the variability of precipitation: In equation (1), the first term represents the precipitation load deposited on the Antarctic ice sheets in one year, and includas a stochastic term which simulates the variability of precipitation.
The second term represents the glacier outflow, assumed to be equal to the long-term mass balance of the ice sheet. Oerlemans (1981) estimated the time scale over which the Antarctic ice sheet returns to equilibrium after a fluctuation in its mass balance to be on the order of thousands of years. As our model looks at mass changes on a much shorter time scale, annual changes in the ice sheet mass should not affect the glacial outflow rate. A resolution of 0.5°by 0.5°was used for calculating the load. Precipitation falling on the ice shelves is not included in the loading model, as only the grounded regions of the ice sheets contribute to both crustal loading and sea level rise (Jacobs, 1992) .
A value for the climate change term C was determined by as- Meier (1990) , sea level lowering of 5 mm/a occurs as a result of increased Antarctic precipitation, then C = 2 would apply. The elastic response of the earth to the applied load was calculated using Green's functions given by Farrell (1972) . Vertical and horizontal displacements were calculated for each of 100 years, and the cumulative response of the crust over time was determined.
Results and Discussion
Some of the model results are given in Figure 3 as The two curves are closer together, and less noisy than the analogous curves given for displacement in Figure  3 . If, however, climate change significantly accelerates mass changes on the large ice sheets, these long-term trends could be detected in a few years by crustal displacement measurements.
